Abstract Background: Infection after revision total knee arthroplasty (TKA) for previous septic TKA can be a challenging problem to treat due to loss of bone stock and soft tissue integrity. In these cases, arthrodesis is a well-recognized salvage procedure. Questions/Purposes: The aim of this retrospective study was to compare the results as described by a Visual Analogue Scale (VAS) and the Lequesne Algofunctional Score (LAS) of knee arthrodeses performed by using either an external fixator (EF) or an intramedullary nail (IM). Methods: The study included 34 knee arthrodesis divided in two groups: first group included 12 patients treated with EF and the second group of 22 patients dealt with IM nail. Clinical and functional evaluation was performed using the VAS and the LAS. Full-length radiographs were used to verify limb length discrepancy. Results: VAS and LAS results showed a substantial improvement relative to preoperative condition in both groups. However, the LAS was significantly better in the IM nail group. The mean leg length discrepancy was significantly greater (4.5 cm) in the first group than in the second one (0.8 cm). No recurrence of infection was observed in the EF group while there were three recurrent infections in the IM nail group. Conclusion: Our study supported the existing literature and found that reinfection after revision TKA can be effectively treated with arthrodesis. In presence of massive bone loss, we recommend arthrodesis with IM nail used as an endoprosthesis, without bone-on-bone fusion, to produce a stable and painless knee, while preserving the limb length. Use of an IM nail allowed us to get a better functional result than EF.
Introduction
Management of an infected total knee arthroplasty (TKA) is a challenging problem faced by orthopedic surgeons and the optimum treatment of the infected TKA is still unclear.
Revision for infection after previous revision TKA (R-TKA) for septic TKA adds further challenges to treatment of these difficult cases due to loss of bone stock, soft tissue integrity, and comorbid conditions [1, 17] . Additionally, the rate of failure following re-revision of an infected R-TKA is considerable [8, 10, 17, 19, 20, 23] , while functional results may be lower than those of a successful arthrodesis of the knee [9, 25, 28, 30] . Therefore, in these challenging cases, knee arthrodesis may be considered a valid therapeutic option.
The two most frequent arthrodesis techniques are intramedullary (IM) nailing and external fixation (EF). There are advantages and disadvantages for each of these two techniques. Advantages of EF include the ability to produce excellent compression at the femoro-tibial interface and to modify the alignment postoperatively. More importantly, no implants remain in the knee following fixator removal [12, 16] . Disadvantages of EF include pin site infection, fracture at a pin site, the need to avoid immediate weight bearing, prolonged application to achieve fusion, and lower rate of fusion [6, 12, 16, 26, 27, 29] . Benefits of intramedullary nail include great stability [11, 21] , faster full weight bearing [3, 24] , higher rate of fusion [4, 8, 16, 21, 24] , and better tolerance by the patient than EF [6, 8] . Both these techniques fuse the joint through direct bone to bone apposition, often resulting in leg length discrepancy which may be a cause of functional impairment and discomfort during ambulation.
In our department, external fixation was historically the preferred technique for knee arthrodesis following infected TKR. Typically, a complete bone-to-bone fusion was achieved without the need of multiple reoperations, but a mean limb shortening of 4.5 cm was typical. To address the problem of the limb length discrepancy, we shifted to the intramedullary nailing technique, using a press-fit modular nail as an endoprosthesis without bone-on-bone contact. Moreover, the residual gap between the tibia and the femur was filled with an antibiotic-loaded cement spacer to potentially minimize the risk of reinfection.
The object of this retrospective study was to compare these two approaches to arthrodesis following failed, infected TKR. Specifically, we aimed to detect any difference in recurrence of infection and in leg length discrepancy. Additionally, we wished to compare the pain (Visual Analogue Scale), the function results as assessed by the Lequesne Algofunctional Score, and the patient's satisfaction, of a consecutive group of 34 patients, who underwent knee arthrodesis using either of these techniques for an infected R-TKA
Material and Methods
In this retrospective study, we analyzed all patients who underwent knee arthrodesis for infected R-TKA in our department between 2001 and 2009. We divided the patients into two groups: the first group included 12 patients who were treated with an external fixator device, Hoffmann II Stryker (Selzach, Switzerland), between 2001 and 2004, while the second group included 22 consecutive patients who underwent knee arthrodesis using a long IM nail (Link Laboratory, Hamburg, Germany) between 2004 and 2009.
Our series included 19 females and 15 males. The average age of the patients at the time of arthrodesis was 68.9 years, ranging from 53 to 85 years. Two patients in the first group and one patient in the second group died, for unrelated reasons before final follow-up and were excluded from the series, so 31 patients remained for the study.
The mean follow-up was 93.2 months (82-110 months) in patients treated with external fixator and 34.4 months (13-72 months) in patients treated with IM nail.
The mean number of surgical procedures on the affected knee joint before the arthrodesis was 4.6 (range 1-6) in the group treated with IM nail and 3.87 (range 2-6) in the patients treated with external fixator. A "two-stage procedure" was used for all cases of reinfection after R-TKA.
The first stage consisted of surgical debridement, component removal, and insertion of an antibiotic-coated cement spacer. We used Palacos bone cement (Biomet, Warsaw, Indiana), with 2 g of vancomycin per pack of cement. Bone samples and fibrous tissue from the femur, tibia, and the joint were taken for microbiological examination. Postoperative intravenous antibiotics were administered according to the culture results, or empirically, for 6 weeks. Antibiotics were discontinued after 6 weeks. If a normalization of the blood parameters indicative of infection occurred (CRP, ESR, and WBC) after 4 weeks, we performed the arthrodesis.
In the external fixation group, the second stage consisted of spacer removal, saw resection of joint surfaces to correct alignment, providing maximum contact area and best external fixator positioning (Fig. 1) . The patella was left alone in seven cases. In three cases, it was used to augment the fusion mass and to improve the antero-posterior stability. In all cases, an axial external fixator, the Hoffmann II Stryker (Salzach, Switzerland), was used.
The number of pins used with the Hoffmann II fixator varied. We normally used three transfixion pins in the femur and three in the tibia: one anteriorly, one laterally, and the last one medially.
The transfixion pins were connected using semicircular curved rod. Other two semicircular curved rod were placed by same technique, 5 cm proximally and 5 cm distally to previously implanted circular rod. The femoral curved rods were connected with each other, as well the tibial curved rods. The average distance between the most distal femoral semicircular rod and the most proximal tibial semicircular rod was 15 cm. Once bony apposition and the alignment were satisfactory, the fixator was secured using four compression/distraction rods. In the following months, the compression was adjusted via the compression rods under radiographic control. The ideal alignment was to obtain fusion with the knee in 5-7°of valgus and 5-15°of flexion (Fig. 1) .
In the other group, the second stage consisted of spacer removal, further debridement and intramedullary nail. In all patients, we used the Link nail (Link Laboratory, Hamburg, Germany) (Fig. 2a, b) .
It is composed of two separate femoral and tibial components made of surface-sanded titanium and it is implanted with a cementless technique. During the reaming procedure, we searched for the best possible anatomic fit to the tibial and femoral medullary canals. Primary stability was ensured by the surface-sanded titanium, which also ensured secondary stability by promoting bone growth in contact with titanium. Finally, the two components were assembled by reciprocal interlocking of their base plates and two anteroposterior screws to lock the assembly. The assembly screws have a hole in the threaded section to place an ultra-high molecular weight polyethylene peg before securing the screws, to prevent the screws from backing out. Once assembled, the nail has 5°valgus angle in the frontal plane and 5°flexion in the sagittal plane. The controlateral limb length was used as the target length for the arthrodesed limb. We approximated the bone gap between the femur and tibia with Palacos cement impregnated with 4 g of vancomycin per pack of polymethylmethacrylate (Fig. 2a, b) .
After surgery, full weight bearing was allowed within a week in patients treated with IM nailing. Patients treated with external fixator used crutches for partial weight bearing for 2 months, followed by full weight bearing according to the pain tolerance. Postoperative intravenous antibiotics were administered according to the preoperative culture results, or empirically, for 4 weeks followed by oral antibiotics for 2 weeks.
A retrospective evaluation was performed at final followup by two different surgeon (BD, RG) using the Visual Analogue Scale (VAS) for self-assessment of pain (on a 0-10 scale, with 0 for no pain and 10 as worst pain ever experienced) and the Lequesne Algofunctional Score (LAS) [14] to assess the severity of handicap in their daily life. Low Lequesne Algofunctional score corresponds to good results. Limb length discrepancy along with the use of any compensatory device was noted.
We also enquired about patient satisfaction (rated as very satisfied, fairly satisfied, or unsatisfied) [15] with knee arthrodesis and pain in ipsilateral or contralateral joints such as the hip or the ankle.
In the first group (EF), union was defined clinically as lack of movement at the arthrodesis site when stressed manually after the connective rods were removed from the fixator, with the pins in situ and by painless weight bearing. Union was also defined radiographically as osseous bridging on both antero-posterior and lateral radiographs. In both groups, full-length radiographs were used to verify lower limbs length. Reinfection after arthrodesis was considered as failure of the procedure. We considered reinfected knee when abnormal serology (ESR >30 mm/h and CRP >1 mg/ dl) was observed associated to recurrent chronic pain with tenderness and presence of sinus tracts.
Differences in rate of reinfection were analyzed with the Chi square test. Values of VAS, limb length discrepancy, and LAS were compared between the two groups using Student's t test for independent variables. Post hoc power analysis showed a power of >0.8 for dismetry and Lequesne score, while for VAS score it resulted 0.2.
Results
Union of the arthrodesis site for the Ex Fix group was achieved in nine cases, and in one patient we had a painless nonunion. The mean time to fusion in the EF group was 5.6 months (range 3.5-11 months). The EF was removed at a mean time of 35 days after fusion (range 23-64 days).
Pin tract infections developed in four patients (40%) during treatment, but only two needed surgical intervention, one pin exchange and one fixator removal, before complete bone fusion. In this case, temporary immobilization for 45 days using a cast plaster was required. Infections in the remaining two patients resolved using local pin site care and oral antibiotics.
There was a trend suggesting that the incidence of recurrent infection was higher in the IMN group (p=0.18). Excluding fixator removal, none of patients in the Ex Fix group underwent a reoperation for recurrence of infection. In the IMN group, three recurrent infections after arthrodesis were observed (failure rate 14%). In all three cases, abnormal and elevated sedimentation rate and CRP with recurrent knee pain and presence of sinus tract were found. In two of these cases, cultures obtained at time of nail removal showed persistence of prior infection, whereas in one case the isolated organism was different from the previous infecting bacteria.
An above-knee amputation was performed in all of three patients, after nail removal, between 4 and 5 years following attempted arthrodesis.
Patients treated with the Ex Fix had greater leg length discrepancy (p=0.0001). The mean leg length discrepancy (shortening) was 4.5 cm (range 3.5-5.5) in the Ex Fix group compared to 0.8 cm (range 0-2.2 cm) in the IMN group (Table 1) .
We did not find any difference in the VAS between the two groups. In the external fixator group, the mean VAS for pain was 1.9 (range 0-7) and four patients (40%) had no pain (VAS = 0) in the operated leg, while in the intramedullary fixation group, the mean VAS was 1.2 (range 0-8) and eight patients (38%) had no pain in the operated leg.
The IMN group achieved better Lequesne Algofunctional scores (p=0.006). The mean Lequesne Algofunctional score was >14 (ranging from 9.5 to 23) in the EF group and 11.2 (ranging from 3.5 to 20.5) in the IM group (Table 1) .
Regarding to patient's satisfaction, in the Ex Fix group, we found that five patients (50%) were very satisfied with the final outcome: four patients (40%) were fairly satisfied and one patient (10%) was very unsatisfied. In the IMN group, 12 patients (66.7%) were very satisfied with the outcome, 5 patients (27.7%) were fairly satisfied, and 1 patient (5.6%) was very unsatisfied.
Discussion
The primary treatment goal of arthrodesis for an infected R-TKA is eradication of infection and maintenance of patient function. The treatment of an infected TKA remains a challenging problem: soft tissue damage, severe bone loss, and extensor mechanism deficiency secondary to recurrence of infection after failed revision TKA may compromise the knee and a reimplantation has a high chance of failure [8, 10, 19, 20, 23, 28] . Knee arthrodesis performed with an external fixator or IM nail represents a valid solution in patients treated for failed TKA secondary to infection and are not able to further revision arthroplasty. Both these techniques fuse the joint through direct bone to bone apposition failing to preserve limb length.
This study reports our results achieved in a cohort of 34 patients dealt with both techniques. IM nail was used as an endoprosthesis to avoid shortening of operated leg. In fact in this case nonunion and no bone contact is required so the surgeon is able to recreate the desired limb length.
The aim of this retrospective study was to compare these two techniques following infected R-TKA. Recurrence of infection, leg length discrepancy, pain, function results, and patient's satisfaction were evaluated. A successful infection eradication was observed in 28 of 31 patients treated with arthrodesis. No recurrence of infection was observed in the EF group while there were three recurrent infections in the IM nail group. The mean leg length discrepancy was significantly greater in the first group than in the second one. Clinical and functional results showed a substantial improvement relative to preoperative condition in both groups. However, function (LAS) was significantly better in the IM nail group. More than 90% of patients of both groups were satisfied with the operation.
There are several important limitations of this study. First, the indication to treat the patient either an EF or an IM nail was based on the technique we used at the time of surgery and ideally should have been randomized. Second, though the two groups were homogeneous regarding indication for arthrodesis, they included a different number of patients followed for different periods of time, reducing the statistical power and failing to reach any statistically significant difference in outcome. Third, no interobserver reliability for results at final evaluation was performed. Finally, the follow-up for patients treated with IM nail was short so the risk of long-term implant failure was not studied.
The patients described in this study represent a homogeneous population for indication to arthrodesis. In all cases, in fact, diagnosis was infection after a R-TKA for previous infected TKA. Infection was eradicated in 90% of the patients in this study. These data are in agreement with the literature where recurrence rates range from 0 to 20% [2, 5, 18, 27] . The rate of infection recurrence was significantly higher in the IM nail group (14%) compared to EF group (0%). An earlier study by Mabry et al. [16] reported a higher rate of recurrent infection with IM nailing when compared to external fixation. Although some authors [2, 11, 12, 27] recommend use of the two-stage technique when using an IM nail, other authors have demonstrated that a one-stage procedure with the use of intramedullary nail was safe and with no recurrent infection [3, 21] .
In our study, we used a two-stage arthrodesis in all 34 cases. In fact, the presence of active infection may increase both the risk of nonunion when EF is used [13, 30] and recurrent and catastrophic infection because of its potential spreading into femur and tibia (pandiaphysitis) when IM nail is used [16, 24] .
Arthrodesis was performed when the knee was clinically free of any conventional sign of infection and when ESR and CRP were reduced relative to values before first stage. When an infection was suspected intraoperatively, the knee joint was further debrided and the cement spacer exchanged. After arthrodesis, intravenous antibiotics according to the culture's sensitivity test or empirically for 4 weeks followed by oral antibiotics for 2 weeks were routinely used. Although there is no consensus on the use of antibiotics postoperatively, we think that their use as well as surgical debridement and antibiotic-cemented spacer may have been helpful to reduce the rate of infection recurrence. The technique used in the IM nail group allowed us to avoid shortening more than 3 cm, which has been associated with a significant increase in physiologic demand when walking [7] . In fact, as no union, and therefore no bone contact, is required when using an IM nail like prosthesis, the limb length was preserved. Our results are comparable to results of other authors who used the nail as a prosthesis [15, 22] .
Although fusion rates after external fixation are lower than those following IM fixation in literature [6, 18, 26, 27, 29] , we could not compare our cohorts for fusion rate.
Fusion in nine out of ten patients treated with EF (90%) was achieved and a painless nonunion in one case. This result is better than the fusion rate of 64%, reported in the literature with a biplanar fixation [4] . We think it is due to the optimal bone contact between the femoral and tibial segments, the accurate debridement of joint surfaces, and the eradication of infection prior to arthrodesis, as well as compression obtained using the EF. We preferred the Hoffmann II Stryker external device because of its easy application, excellent stability, and versatility in terms of limb alignment. In addition, compression was progressively adjusted by compression rods according to radiographs performed after operation.
In the present study, data on VAS and LAS were improved respect to preoperative condition without statistical significant difference between the two groups. Patients with IM nail arthrodesis seem to function better than EF. In fact, they had a significant lower Lequesne Score or a lower severity of handicap in their daily life and were able to walk with no aid in 27.7% of cases compared to 10% of EF group. We think that these results are correlated to marked limb length discrepancy observed in patients treated with EF (Fig. 3) .
Patient satisfaction was good and comparable in the two groups, with more than 90% of patients satisfied with the operation.
Although the surgeon and the patient may consider an arthrodesis to be a poor outcome, a successful arthrodesis with a permanently immobilized and stable extremity is associated with a remarkable relief of pain, a reasonably good functionality comparable with that of a revised hinged TKA [5] . In the present study, a successful eradication of infection with satisfactory clinical and functional results was observed in both groups of patients. Although recurrence of infection in our study was lower in patients treated with EF, the two-stage arthrodesis with IM nail, without bone fusion, produced a stable, painless, and functional limb with preserved limb length. The risk of recurrent infection is higher with this technique and there is a possibility of diffused femoro-tibial contamination. Therefore, authors reserve the EF to cases of residual and persistent infection with positive cultures after prosthesis removal.
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